OBJECTIVES -A hospital-based case-referent study was carried out in Lyon with the purpose of gen.
KEY TERNS -case-control study, case-referent study, cutting fluids, inks, pyrolysis products.
In the history of occupational cancers, bladder tumors due to occupational exposure to aromatic amines were among the first to be recognized. Furthcrmore, relatively few other occupational exposures (some polycyclic aromatic hydrocarbons, eg) are iwognized as being responsible for cancer of the uriimy bladder (1) . Several studies (2-5) have suggested that a relation exists between some occupational exposures ilnd urothelial tumors. The relations are few, however, or the studies contradictory.
This situation is undoubtedly due to a general problem in epidemiologic studies of occupational risks for cancer. In addition to the very long latency 
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between exposure and disease (particularly in the case of urothelial tumors, for which lalexies of 40 years have been observed), the multiplicity of exposures makes the identification of a particular risk factor difficult. The problem of determination of past exposures is constant in epidemiologic casereferent studies. It is of concern since misclassification reduces the power of studies and may bias the results (6). For severa; years, teains of epidemiologists have sought new methods with which to evaluate expowres. One interesting solution is the use of job-exposure matrices, which allow probable exposures tc be assigned systematically to a given job (7-9). The main disadvantage of these matrices is thüt they are only valid for a given location and for a given period, and they do not take into account the local 01 temporal characteristics of a job. Similarly, they assign standardized exposures to a job and dc not take into account individual practices (10).
Using individual job histories analyzed by experts
Siemiatycki & Gérin ( 1 1 This method, adapted to the situation in France, vas used in a surveillance program of occupational h k s in Lyon over the last 10 years. The program ised a case-referent method and dealt with three .ypes of neoplastic diseases considered to be relat-:d to occupational exposures, malignant hemopathies lacute leukemias, malignant non-Hodgkin's lymphonas), tumors of the bladder, and bronchopulmonary :ancers. This report concerns the results of the study ln tumors of the urinary bladder.
Subjects and methods

Data collection
The study population consisted of 116 cases 97 men and 19 women) and two reference groups of 16 subjects each, matched for gender, age, hospital, and nationality. Of the cases, 28 had transitional-cell papillomas and 87 had transitional-cell carcinoma or invasive or in-situ carcinomas; one case had an undifferentiated carcinoma. The most frequent diagnoses among some of the ward referents were benign adenoma of the prostate (48 of 116 persons) and urinary lithiasis (22 of 116 persons). Those most common among the general referents were cardiovascular (42 of 116 persons), digestive system (1 8 of 1 16 persons), and endocrine (1 l of 116 persons) diseases. The average duration of the interviews was approximately the same for each group (43 min for the cases, 42 min for the ward referents, 49 min for the general referents). The three groups did not differ with regard to their place of birth or type of residence. On the average, the cases had a higher educational level than the general referents [average age at leaving school: 15.5 (SD 3.36) years for the cases, 15.7 (SD 9.24) years for the ward referents, 14.3 (SD 3.74) years for the general referents]. Four percent of the cases refused the interview compared with 8% of the referents. In addition, several cases hospitalized less than 3 d could not be included since the interviewer visited the ward only twice weekly. Table 1 gives the distribution of the cases and referents by socioprofessional category. The percentage of white-collar workers was higher among the cases than among the referents, especially among the general referents, while that of the service personnel was lower.
The enrollment of subjects for the study of urinary bladder tumors spanned four years. It included all cases diagnosed from 1984 to 1986 in the participating establishments. The collection of referents started in 1984 and was terminated in 1987. All urology wards in public hospitals were included, as well as three private hospital wards. Some specific wards were excluded from recruitment (obstetrics, emergency, intensive care, and ear, nose and throat) either due to extreme recruitment bias compared with the rest of the hospital or to conditions of hospitalization. Private clinics did not participate in the study. It was decided to include not only primary carcinomas, but also papillomas of the urinary bladder, which are considered to be precancerous lesions. A systematic control of anatomopathological diagnoses was carried out for all cases before definite inclusion. The inclusion criterion was as follows: first hospitalization for a carcinoma or papilloma occurring among men or women aged 30-75 years and living in the Lyon area. Two hospital referents were enrolled for each case. The first -the ward referent -was taken from the same hospital ward; the second -the general referent -was taken from another ward in the same hospital. The first patient meeting the inclusion criterion and admitted after the case was chosen as the referent. Referents were matched for gender, five-year age group, and area of residence and chosen from the patients hospitalized for diseases other than cancer or considered as occupational. French cases were matched to French referents, and foreign cases were matched to foreign referents without taking into account the country of origin.
The collection of occupational histories and data on other nonoccupational exposure, variables was carried out by an interviewer during the hospitalization of the patients. The questionnaire comprised the following three parts: (i) demographic information, (ii) reconstruction of the patient's occupational history, each job being described with the aid of òpen questions; and (iii) closed questions inquiring into eating and smoking habits and regular leisure-time activities.
In most instances, a case and the corresponding referents were interviewed by the same person, although approximately 30 case-referent pairs were interviewed by different interviewers.
Method of exposure assessment
Coding team. A group of experts comprised of two chemical engineers and several occupational health physicians with long and varied professional experience was set up as the coding team. Exposure identifcation. A review of possible exposures and levels of exposures in different occupational settings and time periods in the major industries of the Lyon region was carried out by the coding team. This review resulted in the creation of data bases indexed either by product (description of possible uses, evaluation of different levels of concentration) or by job, reflecting the consensus opinion of the team. These data bases were then used to code exposure history for each participant. Table 3 . referents --Choice of coding model. A list of exposures created by Michel Gérin in Canada and adapted to the local situation was used, and a total of 320 products were coded. The definition of exposures was similar to those given by Siemiatycki et al (13). Once an exposure was determined by the coder, it was assigned the following four indices to be evaluated: (i) the probable route of exposure (respiratory, dermal or mixed); (ii) the frequency of exposure (percentage of worktime during which the subject was effectively exposed) divided into the three groups of 1-5% of worktime (either approximately 30 min per day or two weeks per year), 5-30% of worktime, and 230%; (iii) the exposure concentration, divided into three levels (low, medium, high); and (iv) the validity, according to the coder's own judgment, of the coding (definite exposure = 3; probable exposure = 2; possible exposure = 1).
With respect to the third index, the group of experts established its own scale of concentrations for each product. First it involved a review of all tasks with exposure to the product and then the categorization of exposure level in these tasks in comparison with the highest level of this exposure observed among all of the subjects. At the time of the coding, the concentration index thus established for an activity may have been modulated in relation to the description given by the patient (existence or absence of ventilation, extraction, and individual protection).
Coding protocol. Each anonymous record, without notification of diagnosis, was analyzed by an expert, who coded it and submitted his or her analysis to the group of experts. When all of the records in a study were coded, the coding was standardized to correct for the possible occurrence of the following two digressions: (i) differences in evaluation from one coder to another and (ii) changes in coding by the same coder during the course of the study.
At this stage, all of the jobs involving identical tasks were reviewed by a single chemist in order to ensure that the exposures had been coded consistently. In addition, all jobs involving exposure to a specific compound were reviewed to verify the adequacy of the assigned concentration index.
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Statistical analysis
Crude odds ratios were calculated for all exposure variables coded for more than five study subjects. The confidence interval was calculated with the use of Cornfield's approximation (14) or by the exact interval calculation proposed by Mehta et al (15) when there were less than five individuals in a cell [software: Epiinfo (16)l.
A conditional logistic regression analysis was used to study the effects of exposures after systematic adjustment for duration of smoking (three classes: nonsmoker, 1-27 years, and 227 years) and, when necessary, for the confounding effect of socioeconomic status. The specific characteristics of exposure included: duration, intensity, and age at first exposure [software: EGRET (17)].
An exposure index was defined a priori as the sum, over all exposure periods, of the product of the concentration, frequency, validity, and duration of exposure in each period. A worker was considered ta have been substantially exposed to a chemical when the individual exposure index was higher than the median of this index for all of the exposed individuals (1 8). Other alternative indices were also studied in an attempt to evaluate the effect of concentration or that of frequency -the aforementionec index, but without the validity code -and the extent of exposure, modeled either as the product ol concentration and duration or that of frequency anc duration. Table 2 presents the crude odds ratios .for the mail behavioral variables; the odds ratio increased wit1 increasing tobacco consumption, as measured ii pack-years. The risk of bladder cancer appeared t c be highest for the married subjects and the subject who painted regularly in their leisure time. A defi cit of bladder cancer cases was observed for consum ers of artificial sweeteners when they were compare1 with the general referents but not when they wer compared with the ward referents. For inks, the odds ratio increased with duration of xposure, and the risk was highest among subjects irst exposed before the age of 20 years (table 7) . ixposure to inks was strongly correlated with expoUre to organic pigments. After adjustment for exiosure to organic pigments, the corresponding odds atio for exposure (exposed versus unexposed) to nks (both genders combined) was 3.74 (95% CI .19--13.83). Elevated odds ratios appeared to be nainly restricted to women, and only one was sigiificant, that when the general referents were used OR 14.0, 95% CI 1.8-106.5), with 14 exposed cas-:s and 1 general referent. Because of the small lumber of exposed subjects, it was not possible to nvestigate this relationship further. Exposure to inks tmong women was mainly restricted to the catego-'y "office employees-typists."
Results
General characteristics
Occupational exposures
Discussion
Yumerous problems, notably recall bias and lack of cnowledge of the manipulated products, always make studies of occupational exposures difficult. In order :o improve the performance of case-referent studies, :he team of Siemiatycki & Gerin (Montreal) proposed a method of chemical inference (based on the study of job descriptions completed by patients) by B team of well-informed industriai hygiene analysts (18). In our study, this method of chemical inference was used after adaptation to the situation in Lyon. Several methodological aspects should be discussed.
Representativeness of the subjects
The collection of cases was not exhaustive since some stayed in the hospital only briefly (24-48 h);
the characteristics -precise diagnosis, age, gender, socioprofessional class -of cases which were "missed" was examined. They did not differ from those of the cases included. This lack of exhaustiveness essentially affected the power of the study by reducing the number of cases studied. As all of the anatomopathological diagnoses were verified, misclassification of diagnosis leading to referents being classified as cases can effectively be ruled out.
A previous study in France has shown a relatively clear socioprofessional bias in the recruitment of public hospitals, This bias led to an overpresentntion of blue-collar workers among the general referents, which could imply a reduction in the odds ratios thus estimated. Since three private hospital wards participated in our study, this bias was reduced. Moreover, ward referents were recruited in addition to general referents, since they tend to follow the same medical channels as the cases and, therefore, are unlikely to differ greatly with respect to socioprofessional category, although they may be closer to the cases with respect to occupational exposure. The distribution of socioprofessional categories, as anticipated, was more similar between the cases and the ward referents than between the cases and the general hospital referents (fewer white-collar workers and more single people).
Patients hospitalized for diseases other than cancer or recognized occupational disease were used as referents to prevent overmatching on exposure. As the recruitment zone of cancer cases may be larger than that of referents, only cases residing in the usual recruitment zone of the hospital (Lyon district, around 1.5 million inhabitants) were included in the study.
Interviewers received specific training prior to the start of the study. Efforts were made to ensure that cases and their matched referents were interviewed by the same person. However, due to some delay in finding some of the referents, this was not always possible. The interviewers were aware of the status of the patient at the time of the interview. This awareness did not appear to bias the results in that, for each subject, the quality of the information obtained by the interview was evaluated by the chemical exposure assessment team, the members of Ir the sedentary quality of the job.
In t h e published literature, the most frequently ited occupations that entail exposure to organic colrants and are associated with a risk for cancer of he bladder are printing (37), p a i n (22, 40), a n d lying (37, 39, 40). In t h o s no association beween occupations for which exposure to ink was :oded (printed and storekeepers) and bladder cancer was seen for the men.
:oncluding remarks rhe method used in thos study to identify and quanify exposures relied on detailed analyses of occuIationa1 hostories by teams of experts familiar with iostorical work practices in industrial settings in t h e ,yonnais region. This approach has allowed the itudy of associations between specific occupational :xposures and the risk of bladder cancer to be m o r e irecise than with the standard approach using only ob titles. for interviewing the patients. We w o u l d also like to thank all of the hosp i t a l w o r k e r s for facilitating our m e e t i n g of the patients.
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